ABSTRACT: Supplementation of the leucine metabolite β-hydroxy β-methyl butyrate (HMB) to sows during late gestation or lactation has been shown to improve piglet health, survival, and growth. This study aimed to investigate long-term effects of HMB supplementation to late-gestating sows on body characteristics of piglets at weaning. Sows were fed a standard lactation diet from day -15 relative to parturition and throughout the experiment and a diet supplemented with (HMB; n = 2) or without [control (CON); n = 3] 15 mg Ca(HMB) 2 /kg BW in morning meals from day -10 until parturition. Fifty-six suckling piglets were weighed at day 28 and water content was assessed by deuterium oxide dilution. Piglets were euthanized, organ weights and lengths were recorded, the empty carcass was analyzed for dry matter, ash, and crude protein content, and body fat content was calculated. Two litters were treated for diarrhea, which was included in the statistical model. Weight at birth and at day 28 was not affected by maternal HMB supplementation. The total weight of the small intestine in HMB piglets was 15% lighter (P < 0.01) and the caecum of HMB piglets were 16% longer and 22% heavier (P < 0.01) than in CON piglets, and the large intestine was not affected by treatment. Diarrhea increased the length and weight of small and large intestine (P < 0.01) and weight of the kidneys (P < 0.01). The weight of the liver was increased by 8% in the HMB piglets (P < 0.01) compared with CON piglets, and the spleen was 31% heavier in HMB piglets (P < 0.01). The weight of the kidneys was increased for the HMB piglets (P < 0.01) whereas the weights of stomach and heart were not affected by HMB supplementation. The carcasses of HMB piglets had a lower DM and fat content (P < 0.05) and increased CP content (P < 0.01) compared with CON piglets. In conclusion, the study showed that maternal HMB supplementation in late gestation had long-lasting effects on characteristics of the piglets.
INTRODUCTION
Piglet mortality can be lowered by stimulating prenatal growth, because nutrient availability affects fetal development with lifelong consequences (Tatara et al., 2007) . Piglet birth weight, weight gain until weaning, and immune status has been shown to be improved by supplementation of the sow with the leucine metabolite β-hydroxy β-methyl butyrate (HMB) (Krakowski et al., 2002) .This study aimed to investigate the effects of HMB supplementation to lategestating sows on piglet body composition at weaning. We hypothesized that prepartum maternal supply of HMB would increase piglet lean weight and have positive effects on the weight of the internal organs at weaning.
MATERIALS AND METHODS
The present experiment complied with Danish Law on the humane care and use of experimental animals. One sow was treated with antibiotics because of fever, and 2 litters were treated for piglet diarrhea.
The experiment was conducted with 5 Danish Landrace × Yorkshire sows of second parity. From day -15 relative to expected parturition, control (CON) sows (n = 3) were fed a standard lactation diet throughout the experiment, meeting energy requirements. The HMB sows (n = 2) were fed the CON diet, with 15 mg Ca(HMB) 2 /kg BW mixed in the morning meal from day -10 until parturition. Piglets had no access to creep feed but ad libitum access to water. Litters were reduced to 12 piglets 1 d after parturition and there was no cross fostering of piglets. Male piglets were castrated on day 4.
A total of 56 suckling piglets were weighed at day 28 and enriched with deuterium (D 2 O), and blood was sampled to assess water dilution space (Theil et al. 2002) . Piglets were euthanized and the weight of the heart, stomach, liver, spleen, kidneys, caecum, small intestine (SI), and large intestine (LI) as well as intestinal lengths were recorded. The empty carcasses were ground and aliquots were stored at -20°C for determination of body content of DM, ash, and CP using standard procedures.
Piglet data was analyzed statistically using a mixed linear model, with fi xed effects of sow dietary treatment and piglet diarrhea treatment and with sow × piglet as random effect, and piglet weight at day 28 was included as a covariate. Litter growth performance parameters was tested using litter size as a covariate instead of BW at day 28, and diarrhea treatment was omitted when testing litter size and piglet weight at birth. Data are presented as least squared means ± SE. Signifi cance was declared at P ≤ 0.05.
RESULTS
Mean litter size at birth, birth weight, daily gain, and weight at day 28 were not affected by maternal HMB treatment (Table 1 ). The carcasses of HMB piglets had lower DM content (P < 0.01; Table 1), increased CP content (P < 0.01), and decreased fat content (P < 0.05) whereas ash content was not affected by treatment. The water content, based on the D 2 O dilution, tended to be higher in the HMB piglets (P = 0.08). The internal organs of the piglets (day 28) were affected by HMB, except for the weight of the heart and stomach. β-Hydroxy β-methyl butyrate increased the weight of the liver by 8% (P < 0.01), the spleen by 31% (P < 0.001), kidneys by 13% (P < 0.001), and caecum by 22% (P < 0.05) but decreased the weight of SI by 15% (P < 0.001) compared with CON piglets. The LI was not affected by treatment. Piglets that were treated for diarrhea (1 HMB and 1 CON litter, not effected by HMB supplementation) had increased kidney weight (44.4 vs. 39.4 ± 1.0 g; P < 0.001), increased length and weight of SI (1092 vs. 928 ± 30 cm and 240 vs. 193 ± 7 g, respectively; P < 0.001), and increased length of LI (174 vs. 152 ± 7 g; P < 0.01) compared with nontreated piglets.
DISCUSSION
In the present study, the birth weight was not affected by HMB supplementation of the late-gestating sow, which is in line with Nissen et al. (1994) , whereas Tatara et al. (2007) reported larger piglet birth weight. In addition we found no effect on weaning weight, unlike Nissen et al. (1994) and Krakowski et al. (2002) who both reported higher piglet weight at weaning. This might be due to the large number of live born piglets in the present experiment. The observed change in body composition of the piglets in the current may study suggests that nutrient metabolism in suckling piglets was shifted towards higher protein synthesis or increased fat oxidation or both in HMB piglets, which is in accordance with the anabolic and lipolytic effects of HMB discussed by Wilson et al. (2008) . The increased liver weight in the HMB piglets indicates larger metabolic capacity of the liver, and higher liver weight was also reported in newborn piglets after HMB supplementation, although only numerical differences were observed in our previous study (Theil et al. 2011) . The heavier spleens of HMB piglets suggest improved immune function, which is in agreement with the immunostimulatory effect of HMB (Krakowski et al., 2002) . It is at present unclear why HMB increase the kidneys weight, but HMB is excreted across the kidneys (Nissen and Abumrad, 1997) . The increased weights of liver, spleen, and kidneys may all be associated with increased metabolism of HMB in these organs. The observed lowered SI mass of the HMB piglets suggests reduced absorptive function. This is supported by an increased caecum (longer and heavier), indicating a larger hind-gut fermentation. This, however, is in contrast to the numerically higher BW at day 28 of the HMB piglets and is likely explained by altered nutrient allocation in favor of carcass growth. The study showed that the fetuses were programmed prenatally due to the maternal supplementation of HMB in late gestation and increased liver size (and probably metabolic capacity), improved immune function, and increased lean tissue gain. It is a present unclear whether HMB is transferred to the fetuses through the placenta or via colostrum or the observed effects are due to maternal metabolic changes. Further studies are needed to investigate the mode of actions of dietary HMB.
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